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ON THE NATURE OF THE OPTICAL INHOMOGENEITY OF QUARTZ 

G. V. Kleshchev, I.  V. Kabanovich 
and L. N .  Chernyy 

ABSTRACT. 
qua r t z  c r y s t a l s  by x-ray d i f f r a c t i o n  topographic methods 
are d iscussed .  
o p t i c a l  da t a .  The s tudy  w a s  performed wi th  n a t u r a l  and 
a r t i f i c i a l  qua r t z  c r y s t a l s  using a s p e c i a l l y  f a b r i c a t e d  
Lang camera. Two types of inhomogeneities are descr ibed:  
s t r iae  and banding. The authors  conclude t h a t  s t r i a t i o n  
i s  caused by d i s l o c a t i o n s  and t h a t  banding may be a t t r i -  
buted t o  t h e  fac t  t h a t  t h e  chemical n a t u r e  of t h e  complexes 
which p r e c i p i t a t e  on t h e  c r y s t a l  changes i n  t h e  course  
of c r y s t a l  growth as a r e s u l t  of f l u c t u a t i o n  of t h e  
t e c h n i c a l  condi t ions .  

The r e s u l t s  of a study on t h e  inhomogeneity of 

The r e s u l t i n g  d a t a  are then  compared wi th  

It i s  w e l l  known t h a t  o p t i c a l  methods [l, 21 are used i n  d e t e c t i n g  d i f f e r -  /585* 
e n t  inhomogeneities of q u a r t z  c r y s t a l s  ( s t r i a e ,  s e c t o r a l i t y ,  banding, etc. ,  
F igure  l a ) .  
t h e  cour se  of c r y s t a l  growth has  n o t  been f i n a l l y  c l a r i f i e d ,  b u t  i t  may b e  con- 
s i d e r e d  f i r m l y  e s t a b l i s h e d  t h a t  they are r e l a t e d  t o  the t rapping  of i m p u r i t i e s  
from t h e  i n i t i a l  s o l u t i o n  and f l u c t u a t i o n s  of t h e  thermodynamic parameters  i n  
t h e  course  of c r y s t a l  growth [3]. Also remaining u n c l a r i f i e d  are problems as t o  
t h e  type  of macrodisrupt ions of t h e  c r y s t a l  s t r u c t u r e  a s soc ia t ed  wi th  t h e  inho- 
mogenei t ies  de t ec t ed  by o p t i c a l  methods (Figures  1-3, see i n s e r t  t o  page 555).** 

The n a t u r e  of t h e s e  d e f e c t s  and t h e  mechanism of t h e i r  formation i n  

The purpose of t h i s  r e p o r t  is  t o  d iscuss  t h e  r e s u l t s  of a s tudy  on t h e  in- 
homogeneity of qua r t z  c r y s t a l s  by x-ray d i f f r a c t i o n  topographic  methods and t o  
compare t h e  r e s u l t i n g  d a t a  wi th  o p t i c a l  data. A study w a s  made of n a t u r a l  and 
a r t i f i c i a l  qua r t z  c r y s t a l s  us ing  a s p e c i a l l y  f a b r i c a t e d  Lang camera [ 4 ,  51. 

S t r iae  and t h e i r  r e l a t i o n s h i p  t o  d i s l o c a t i o n s .  F igure  IC shows a d i f f r a c t o -  -- 
gram w i t h  a c r y s t a l  of a r t i f i c i a l  q z r t z  i n  which s t rong  s t r i a t i o n  w a s  o p t i c a l l y  
de t ec t ed .  Comparison of F igures  l a  and IC shows t h a t  topographic  methods reveal 
a p i c t u r e  of inhomogeneities of a qua r t z  c r y s t a l  very  similar t o  t h e  o p t i c a l  
p i c t u r e ,  b u t  t h e s e  p i c t u r e s  a l s o  have d i f f e rences .  

The sha rp ly  def ined  l i n e s  i n  F igure  IC are due t o  t h e  c o n t r a s t  from d i s lo -  
c a t i o n s .  
q u a r t z  c r y s t a l s  by f l u o r i c  ac id .  It w a s  demonstrated i n  [ 6 ]  t h a t  d i s l o c a t i o n s  
emerging onto t h e  base  p l ane  are manifested i n  t h e  form of e tch ing  p i t s  and chan- 
n e l s  pene t r a t ing  deep i n t o  t h e  c r y s t a l .  F igure  l b  shows a p i c t u r e  of t h e  etch- 
i ng  of a q u a r t z  c r y s t a l  from which t h e  d i f f rac togram shown i n  F igure  IC w a s  ob- 
t a ined ,  which convincingly s u b s t a n t i a t e s  the  conclus ion  expressed above. 

*Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  f o r e i g n  t e x t .  

This  a l s o  is confirmed by a comparison w i t h  d a t a  on t h e  e t ch ing  of 

**Reference i s  made t o  o r i g i n a l  Russian t e x t .  
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Proceeding on t h e  b a s i s  of concepts on t h e  d i s l o c a t i o n  mechanism of t h e  
growth of a qua r t z  c r y s t a l ,  i t  may be  expected t h a t  these d i s l o c a t i o n s  w i l l  b e  
h e l i c a l  d i s l o c a t i o n s  wi th  t h e  Burgers vec tor  d i r e c t e d  along t h e  o p t i c a l  a x i s .  
Then, however, they would no t  b e  observed i n  F igure  IC due t o  t h e  cond i t ion  of 
d e t e c t i o n  of d i s l o c a t i o n s  by t h e  topographic method 171. Thus, t h e  Burgers 
v e c t o r  of t h e s e  d i s l o c a t i o n s  has  a component perpendicular  t o  the o p t i c a l  a x i s  
of t h e  c r y s t a l .  L e t  us  a l s o  n o t e  t h a t  these  d i s l o c a t i o n s  are no t  of t h e  pure  
h e l i c a l  type ,  because under c e r t a i n  photographic condi t ions  t h e  r o s e t t e s  caused 
by them are de tec t ed  (Figure 2 ) .  

W e  p l a n  t o  make a more complete ana lys i s  of d i s l o c a t i o n s  i n  q u a r t z  c r y s t a l s ,  
t h e  s u b j e c t  of our  preceding r e p o r t .  
p o r t ,  we w i l l  limit ourse lves  only to the  conclusion t h a t  the o p t i c a l  inhomo- 
gene i ty  of a r t i f i c i a l  qua r t z  c r y s t a l s ,  c a l l e d  s t r i a t i o n ,  is caused by d is loca-  
t i o n s  .- 

Considering t h e  o b j e c t i v e  of t h i s  re- 

The fo l lowing  s ta tements  may b e  made as t o  t h e  cause of the r e l a t i o n s h i p  
between t h e  considered d i s l o c a t i o n s  and t h i s  o p t i c a l  inhomogeneity: t h e  d i s l o -  
c a t i o n s ,  i n  t h e  course  of c r y s t a l  growth, c a p t u r e  a l a r g e  amount of impuri ty  
and, i n  a d d i t i o n ,  create favorable  condi t ions  f o r  t h e  formation of Suzuki atmo- 
spheres  around them. A s  a r e s u l t  of t h i s  enrichment w i t h  impuri ty  atoms ( o r  
complexes) , reg ions  w i t h  a high d e n s i t y  of d i s l o c a t i o n s  are de tec t ed  as o p t i c a l  /586 
inhomogeneities ( s t r i a e )  . 

L e t  u s  no te  t h a t  t h e  enhanced capac i ty  of t h e  considered d i s l o c a t i o n s  f o r  
c a p t u r e  of impuri ty  atoms ( o r  e n t i r e  complexes) i n d i c a t e s  t h a t  they  have a 
s p e c i a l  cha rac t e r .  Obviously, they d i f f e r  from d i s l o c a t i o n s  from which c r y s t a l  
growth r e s u l t s .  W e  f e e l  t h a t  t h e s e  d i s l o c a t i o n s  are of t h e  hoZZow type  [3 ,  81 .* 

Figure  1 makes i t  p o s s i b l e  t o  draw conclusions concerning t h e  o r i g i n  of 
t h e s e  d i s l o c a t i o n s .  These d i s l o c a t i o n s  [ 6 ]  are e i t h e r  a con t inua t ion  of d i s l o -  
c a t i o n s  from e tch ing  i n  t h e  growing c r y s t a l  o r  they arise i n  microscopic  inc lu-  
s ions .  

Banding i n  q u a r t z  c r y s t a l s .  Figures  l a  and l b  a l s o  show another  t ype  of 
inhomogenei tyaf  a r t i f i c i a l  qua r t z  c r y s t a l s  known as banding. 
t a i n s  bands which d i f f e r  from one another  i n  t h e  concen t r a t ion  of t h e  t rapped 
impur i ty  and, t h e r e f o r e ,  i n  t h e  r e f r a c t i v e  index ( t h i s  exp la ins  t h e  banding i n  
F igure  l a )  and a l s o  t h e  lat t ice parameters,  which cause  t h e  banding v i s i b l e  i n  
F igure  IC. 

The c r y s t a l  con- 

We feel  t h a t  t h e  banding of c r y s t a l s  may be  a t t r i b u t e d  t o  t h e  fact  t h a t  i n  
t h e  course  of t h e i r  growth, as a r e s u l t  of f l u c t u a t i o n  of t h e  t e c h n i c a l  condi- 
t i o n s  of c r y s t a l  growth, t h e r e  is  a change of t h e  chemical n a t u r e  of t h e  com- 
p lexes  p r e c i p i t a t i n g  on t h e  c r y s t a l  [ 9 ] .  For example, i n  t h e  normal growth of 
c r y s t a l s  t h e r e  i s  a p r e c i p i t a t i o n  of Si02 molecules,  wh i l e  i n  f l u c t u a t i o n s  of 

t h e  growth regime, more complex polymer complexes of S i 0  conta in ing  a vary ing  
q u a n t i t y  of t h e  impur i ty  are p r e c i p i t a t e d .  2 

_ _ ~ ~  -- 

*Trans l a to r ' s  i t a l ics .  
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A banded s t r u c t u r e  a l s o  is  de tec ted  by t h e  topographic method i n  c r y s t a l s  
of n a t u r a l  qua r t z  (Figure 3 ) .  Our at tempts  t o  d e t e c t  t h i s  type  of banding by 
t h e  o p t i c a l  method were a f a i l u r e .  
ous ly  has  t h e  same o r i g i n  as i n  a r t i f i c i a l  c r y s t a l s  and i s  due t o  a d i f f e r e n c e  
i n  t h e  c r y s t a l  s t r u c t u r e - o f  t h e  l a y e r s  as a r e s u l t  of a change i n  t h e  phys ica l  
and chemical  condi t ions  of growth. 

The banding of n a t u r a l  q u a r t z  c r y s t a l s  obvi- 

F igu re  3 shows t h a t  t h e  x-ray topography method c l e a r l y  reveals t h e  sec to-  
r i a l  and zonal  s t r u c t u r e  of t h e  qua r t z  c r y s t a l s ,  which makes i t  p o s s i b l e  t o  re- 
e s t a b l i s h  t h e  condi t ions  of t h e i r  growth. 

L e t  u s  n o t e  i n  conclusion t h a t  t h i s  s tudy  w a s  undertaken on t h e  i n i t i a t i v e  
of A .  M. Y e l i s t r a t o v .  The au thors  f e e l  i t  t h e i r  p l e a s a n t  duty t o  express  appre- 
c i a t i o n  t o  I. L. Shul’pina and 0. N. Yefimov, s t u d e n t s  of A.  M. Y e l i s t r a t o v ,  f o r  
t h e i r  a s s i s t a n c e  i n  l ea rn ing  t h e  procedures and t h e i r  u s e f u l  d i scuss ions .  
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